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SPECIFICATION 

TITLE OF INVENTION 
DEVICE FOR THE METERED DELIVERY OF A VISCOUS LIQUID 

PRIORITY CLAIM 

[0001] The present application claims priority under 35 O.S.C § 119 
based upon Swiss Patent Application 2001 1194/01 No. filed June 28, 
2001. 

FIELD OF THE INVENTION 

[0002] The invention concerns a device for the metered delivery of a 
viscous liquid. 

BACKGROUND OF THE INVENTION 

[0003] A device for the metered delivery of a viscous liquid is 
known from the Singapore patent application SG 0074739. This device 
comprises a pimp body with a drill hole which connects an intake 
chamber and a discharge chamber- In this drill hole, two pistons are 
moved back and forth between the intake chamber and the discharge 
chamber. A slot of variable width is formed between the faces of the 
two pistons so that the liquid in the intake chamber fills the slot 
and is pressed out of the slot into the discharge chamber. To guide 
the pistonS/ guide rails are present which are guided in further, 
parallel running drill holes. 

[0004] This device has two disadvantages. When used for applying 
adhesive, it can happen that flakes of silver contained in the 
adhesive make their way to the outside of the pump body and from there 
into the drill holes which accommodate the guide rails which leads to 
the guide rails sticking. Furthermore, the friction of the guide rails 
in the drill holes is too great. 

[0005] The object of the invention is to rectify the above mentioned 
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shortcomings . 

BRIEF DESCRIPTION OF THE INVENTION 

[0006] The invention shows on the one hand an improved drive 
mechanism as well as certain constructive measures which prevent the 
drive mechanism from sticking and, on the other hand, a pump body 
which is particularly suitable for the metered delivery of adhesives- 
which contain flakes of silver. This pump body distinguishes itself in 
that the drill hole which connects the intake chamber with the 
discharge chamber is extended whereby the two pistons which are moved 
back and forth in the drill hole form a slot seal at the ends of the 
drill hole. In order that the slot seal is sufficiently tight, the 
piston and the pump body or a sleeve incorporated into the pump body 
which contains the drill hole are, on the one hand, paired with 
suitable materials and, on the other hand, aire manufactured with the 
highest precision. 

[0007] In the following, an embodiment of the invention is explained 
in more detail based on the drawing. 

BRIEF DESCRIPTION OF THE DRAWING FIGURES 

shows a cross-section of a device for the metered . 
delivery of a viscous liquid, 

shows a section of the metering device along the 
line I - I of Fig. 1, 

shows the metering device in various working 
phases, 

shows a further example of the metering device, and 
shows a pump body suitable for adhesives with 
silver- flakes. 

DESCRIPTION OF THE INVENTION 

[0013] Fig- 1 shows a device for the metered delivery of a viscous 
liquid which is suitable for the metering and delivery of very small 
amounts of adhesive. Basically, the device consists of a pump body 1 
and a drill hole 4 which accommodates two pistons 2 and 3 and which 
connects a first chamber 5 serving as an intake chamber and a second 



[0008] Fig. 1 

[0009] Fig. 2 

[0010] Fig. 3A-F 

[0011] Fig. 4 

[0012] Fig. 5 
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chamber 6 serving as a discharge chamber, and a drive mechanism 7 for 
the back and forth movement of the two pistons 2 and 3 between the 
intake chamber 5 and the discharge chamber 6. The drive mechanism 7 is 
formed in such a way that the width of a slot 8 formed between the 
opposite faces of the pistons 2 and 3 varies in a specific way during 
the back and forth movement of the pistons 2, 3. 

[0014] The pump body 1 has a recess on each side of the drill hole 4 
into which a bearing block 9 is inserted. The bearing blocks 9 
comprise a drill hole running concentrically to the drill hole 4 which 
is widened in a funnel-shape towards the outside. In addition, the 
bearing blocks 9 accommodate an elastically deformable sealing element 
10. The sealing element 10 comprises a sealing lip 11 with a central 
opening for accommodating the piston 2 or 3. The opening of the 
sealing lip 11 is smaller than the diameter of the pistons 2 and 3. 
The sealing lip 11 therefore surrounds the corresponding piston 2 or 3 
with a tight fit. With the back and forth movement of the 
corresponding piston 2 or 3 the sealing lip 11 is elastically 
deformed. 

[0015] With the example shown, the pump body 1 is already prepared 
for use as a writing head in that the chamber 6 serving as the 
discharge is formed as a writing nozzle 12 or for equipping with a 
writing nozzle. The viscous liquid is fed to the intake chamber from a 
not presented liquid reservoir through a hose. 

[0016] The drive mechanism 7 will now be explained in more detail 
based on Fig. 2 which shows a section of the metering device at the 
level of line I - I of Fig. 1. The drive mechanism 7 comprises a motor 
13, onto the shaft 14 of which two cam discs 15 and 16 are attached, 
two swivel arms 17 and 18 each with a ball bearing 19 and 20 and a 
spring 21- One end of the first swivel arm 17 can swivel on an axis 22 
running vertically to* the plane of the drawing while the piston 2 is 
detachably secured to the other end of the first swivel arm 17. 
Likewise, one end of the second swivel arm 18 can swivel on an axis 23 
running parallel to the first axis 22 while the other piston 3 is 
detachably secured to the other end of the second swivel arm 18. The 
pistons 2, 3 are preferably screwed into the corresponding swivel arm 
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17, 18. The ball bearing 19 of the first swivel arm 17 consists of a 
disc which rotates on an axis 24 and rests on the first cam disc 15. 
The ball bearing 20 of the second swivel arm 18 comprises a disc which 
rotates on an axis 25 and rests on the second. cam disc 16. The spring 
21 connects the two swivel arms 17 and 18 and ensures that the ball 
bearings 19 and 20 remain in permanent contact with the corresponding 
cam disc 15 or 16. 

[0017] One turn of the motor or the cam discs 15, 16 secured to its 
shaft 14, causes a back and forth movement of the pistons 2 and 3. Th.e 
radius changes of the cam discs 15, 16 are transformed into a swivel 
movement of the swivel arms 17, 18 and therefore into the back and 
forth movement of the pistons 2 and 3. Because the radius changes of 
the cam discs 15, 16 are different, the back and forth movement of the 
pistons 2 and 3 is superimposed by a modulation in the width of the 
slot 8 formed between them. 

[0018] The bearing blocks 9 are preferably comprised of an abrasion 
resistant plastic while the pistons 2 and 3 are preferably made of 
steel. The drill hole of the bearing block 9 takes over the guiding of 
the corresponding piston 2 or 3. Because the swivel arms 17 and 18 
carry out a turning movement around the axis 22 or 23, the tips of the 
pistons 2 and 3 would move on a circular path if they were not 
prevented from doing so. The drill hole of the bearing block 9 has the 
task of guiding the corresponding piston in such a way that the tip of 
the piston moves in the drill hole 4 along as straight a path as 
possible. The guiding and bearing of the piston in the drill hole of 
the bearing block 9 leads to the piston only being elastically. 
deformed in the area between the swivel arm and the drill hole of the 
bearing block 9 while the piston remains straight in the area between 
the drill hole of the bearing block 9 and. within the drill hole 4. 

[0019] In order that the device can be used as a writing head for 
the application of adhesive onto a substrate which is to be equipped 
with a semiconductor chip, its dimensions must be as small as possible 
because, during writing, the writing head is subjected to great 
accelerations. Consequently, the ball bearings 19 and 20 must be light 
and the load on the ball bearings 19 and 20 caused by the swivel arms 
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17 and 18 must not exceed certain limits otherwise the ball bearings 
19 and 20 will be damaged. The force with which the spring 21 pulls 
the swivel arras 17. and 18 together raust, on the one hand be great 
enough so that the ball bearings never loose contact with the 
corresponding cam discs; on the other hand, it is set an upper limit 
because of the loading capacity of the ball bearings 19, 20 which must 
not be exceeded. During operation, the motor turns at high speed in . 
the range of 1000 to 10 '000 revolutions per minute. The centrifugal, 
forces exerted on the swivel arms 17, 18 are proportional to the mass 
of the swivel arms 17, 18. The force exerted by the spring 21 must be 
greater than the maximum centrifugal force so that the swivel arms 17, 

18 do not lift off the cam discs 15 and 16. It has become apparent 
that a material must be used for the swivel arms 17, 18 the relative 
density of which is less than the relative density of aluminium. 
Therefore, the two swivel arms 17 and 18 are preferably made of 
plastic. Furthermore, the plastic must demonstrate great rigidity so 
that the swivel arms 17 and 18 do not wobble which would lead to an 
unintentional modulation of the width of the slot 8 between the 
pistons 2 and 3. 

[0020] Figs- 3A-F show schematically the relative position of the 
pistons 2 and 3 during one single rotation of the cam discs 15 and 16 
in six different relative positions . At the start, the faces of the 
pistons 2 and 3 are located within the first chamber 5 whereby a small 
slot is formed between the two end faces of the pistons 2 and 3 (Fig. 
3A) . First of all, only the piston 3 now moves so that the slot 
between the two pistons 2 and 3 enlarges. The enlarged slot 
immediately fills with liquid (Fig. 3B) . Subsequently, the two pistons 
2 and 3 move together from the first chamber 5 to the . second chamber 6 
whereby the width of the slot remains constant (Fig. 3C) . In this way, 
a predefined amount of liquid is transported from chamber 5 to chamber 
6. After that, the piston 3 remains stationary (Fig. 3D), while the 
piston 2 is moved further until the slot between the end faces of the 
two pistons 2 and 3 again achieves the original, small width (Fig. 
3E) . During this phase, the amount of liquid which is located in the 
slot between the pistons 2 and 3 is pressed into the chamber 6. 
Subsequently, the two pistons 2 and 3 are moved back together whereby 
the slot between their faces maintains the small width (Fig. 3F) 
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until, after one complete rotation of the motor, they are again 
located in the starting position (Fig. 3A) . During a back and forth 
movement of the pistons 2 and 3 therefore, the distance between their 
end faces varies whereby the distance on the way forth is greater than 
on the way back so that a predefined liquid volume is conveyed from 
the first chamber 5 to the second chamber 6. 

[0021] It has proved to be of advantage when the distance between 
the two pistons 2 and 3 is always greater than zero. Typically, the 
width of the slot between the pistons 2 and 3 varies between 0.4 mm 
and 0.7 mm. The filling of the slot 8 with adhesive in the intake 
chamber then takes place more quickly. Furthermore, the device is more 
robust towards assembly tolerances. 

[0022] The device in accordance with the invention is suitable for 
the metered delivery of numerous liquids. There are adhesives with . 
which, as a result of the shearing of the liquid in the drill hole 4 
in the pump body 1, friction occurring at high speeds of the motor 
causes heating of the pump body 1. Three measures are now foreseen 
which can be used individually or in combination. in order to keep the 
heating of the pump body 1 within limits: 

[0023] 1. In order to reduce the friction, the diameter of the drill 
hole 4 can be selected larger than the diameter of the pistons 2 and 
3. This does in fact lead to a certain leakage rate through the drill 
hole 4 which connects the first chamber 5 serving as an intake chamber 
and the second chamber 6 serving as a discharge chamber. A leak can 
however be accepted when the leakage rate is small in comparison with 
the rate of liquid pumped. When the diameter of the drill hole 4 is" 
only slightly larger than the diameter of the pistons 2 and 3 and when 
the pressure predominating in the first chamber is not too great, 
then, in many cases, the viscosity of the liquid nevertheless prevents 
leakage. In addition, during the pauses in which there is no liquid to 
meter and discharge, either the pressure applied to the first chamber 
can be reduced or the motor can be run in the opposite direction at a 
comparatively slower speed adapted to the leakage rate. It has become 
apparent that the diameter of the drill hole 4 should preferably be at 
least 20 micrometers larger than the diameter of the first piston 2. 
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[0024] 2. The pump body 1 can be manufactured from a good thermal 
conducting material, for example metal, because such a pump body can 
better conduct the heat produced in the drill hole 4 to its outer 
surface and convey it to the atmosphere than a pump body made of 
plastic. If the pump body 1 is made of metal, then the drill hole 4 of 
the pump body 1, as is shown in Fig. 4, is lined with plastic in that 
a pipe 26 made of plastic for example is inserted into the drill hole 
in order to maintain low wear of the steel pistons 2 and 3. 

[0025] 3. A cooling element 27 for the active cooling of the pump 
body (1)/ eg, a Peltier element, can be arranged on the pump body 1. 
The cooling element 27 is preferably arranged as close as possible to 
the drill hole 4 where the heat is created. 

[0026] The described metering device is suitable for all types of 
adhesive with the exception of adhesives which contain flakes of 
silver as filling material. The silver flakes have namely the 
undesirable characteristic of settling on the pistons 2 and 3. This 
leads to the slow but continuous abrasion of the sealing lips and 
their gradual destruction. The pump body 1 described below based on 
Fig. 5 is suitable for adhesives of this type, 

[0027] Fig. 5 shows a cross-section of the pump body 1, whereby the 
right-hand part of the figure is cut off. The pump body 1 has a sleeve 
28 which is equipped in. longitudinal direction with the drill hole 4 
which accommodates the two pistons 2 and 3. The drill hole 4 is 
widened at both ends so that the pistons 2 and 3 can be easily 
inserted when the pump is constructed. The sleeve 28 contains two 
further drill holes 29 and 30 running orthogonally to drill hole 4 one. 
end of each opening into the drill hole 4 and the other end opening 
into the intake chamber 5 or discharge chamber 6 in the pump body 1. 
The drill hole 4 therefore extends laterally beyond the intake chamber 
5 as well as the discharge chamber 6. The drill hole 4 takes over the 
bearing of the two pistons 2 and 3 as well as the sealing of the pump 
path. With this embodiment, the drill hole 4 therefore also takes over 
the function of the sealing lips 11 of the first embodiment. The drill 
hole 4 and the corresponding piston 2 or 3 form a slot seal. In order 
to achieve a sufficiently tight seal, the sleeve 28 and the pistons 2 
and 3 must be manufactured with high precision and from materials 
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which suit each other. Good results were achieved when the pistons 2 
and 3 and the sleeve 28 are each made of a hard metal or when the 
pistons 2 and 3 are made of tool steel and the sleeve 28 is made of 
ceramic. The radius of the drill hole 4 is manufactured with a value 
of 201 ]am ± 0.5 \im, and the radius of the pistons 2 and 3 with a value 
of 200 pm ± 0.15 \im. Ideally, this results in a slot width of 1 pm. 
Suitable hard metals are, for example, WC (tungsten carbide), TiC 
(titanium carbide) , TaC (tantalum carbide) or mixtures of these 
carbides which, mixed with Co (cobalt), have been sintered. Ceramic 
materials have the advantage of a higher abrasion resistance but the 
disadvantage of a lower thermal conductivity than hard metals: 

[0028] The diameter of the drill holes 29 and 30 is preferably 
larger than the diameter of drill hole 4 so that the adhesive can be 
pressed as quickly as possible into or out of the slot 8 formed 
between the opposing faces of the pistons 2 and 3. 

[0029] The pump body 1 has two vertically running blind holes 31 and 
32 which are arranged on both sides of the sleeve 28 and communicate 
with the drill hole 4. These blind holes 31 and 32 serve to take up 
adhesive emerging in the course of time from the drill hole 4 as a 
result of possible insufficient sealing effect of the slot seal. If 
the pump is cleaned. at regular intervals, then the adhesive can be 
removed from the blind holes 31 and 32 before other parts of the pump 
are contaminated; 

[0030] The drive mechanism 7 described based on Fig. 2, has the 
peculiarity that the point 33, where the rotational movement of the 
first swivel arm 17 is converted into the back and forth movement of 
the piston 2, moves back and forth on a circular path. The same is 
valid for the point on the second swivel arm 18 where the rotational 
movement of the second swivel arm 18 is converted into the back and 
forth movement of the piston 3. In order to keep the abrasion of the 
pistons 2 and 3 on the sleeve 28 as low as possible, these fixing 
points and with them the pistons 2 and 3- should not move back and 
forth on the circular path but along a straight line. In order to 
achieve a straight line movement of the pistons 2 and 3, a decoupling 
mechanism is foreseen which is constructed the same for pistons 2 and 
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3 but which is only described in more detail based on piston 2. The 
pump body 1 or a separate bearing block 9 fitted into the pump body 1 
as with the first embodiment has a drill hole 34 running 
concentrically to the drill hole 4 within which a sleeve 35 is movably 
supported. The drill hole 34 forms a bearing for the sleeve 35. The 
sleeve 35 has a longitudinal drill hole 36 one end of which 
accommodates one end of the piston 2. The longitudinal drill hole 36 
runs coaxially to the drill hole 4. The longitudinal drill hole 36 is 
widened on the side facing away from the piston 2 and forms an 
extended cavity 37. A pin 38 connects the swivel arm 17 with the 
sleeve 35. On the one hand, the pin 38 is detachably fixed to the 
swivel arm 17 via a coupling element 39 and, on the other hand, is 
rigidly fixed in the longitudinal drill hole 36 of the sleeve 35. When 
the end of the swivel arm 17 moves back and forth on the circular 
path, then the sleeve 35 also moves back and forth and with it the 
piston 2. The bearing block 9 now ensures that the sleeve 35 moves 
along a straight line. In doing so, the pin 38 is bent on the path 
from the swivel arm 17 up to the longitudinal drill hole 36 of the 
sleeve 35. The piston 2, however, is not loaded by means of the 
circular path movement of the swivel arm 17 as its movement is guided 
by means of the sleeve 35 supported in the bearing block 9. 

[0031] The coupling element 39 has a protruding edge surrounding the 
end of the sleeve 35 whereby the edge of the coupling element 39 and 
the sleeve 35 are separated by a small slot. This construction 
guarantees that the pin 38 cannot be damaged during pump maintenance 
as the edge of the coupling element 39 comes to a stop on the sleeve 
35 before the pin 38 can be bent too strongly. 

[0032] Preferably, the sleeve 35 has a thread on its front end onto 
which a nut 40 inserted through the blind hole 31 is screwed. In this : 
way, the piston 2 is prevented from falling out during maintenance to 
the pump body 1 . . 

[0033] A particular advantage of this pump body 1 is that the tips 
of the pistons 2 and 3 always remain inside the drill hole 4. 

[0034] With this embodiment, the pump body 1, the sleeve 28 and the 
two bearing blocks 9 are separate parts which can be manufactured 
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separately- This design offers th€ advantage that the materials used 
for the sleeve 28 and the two pistons 2 and 3 can be optimally 
matched. Likewise, the materials used for the bearing blocks 9 and the 
sleeve 35 can be optimally matched. Furthermore, the material for the 
pump body 1 can be selected so that the pump body 1 demonstrates 
optimum characteristics, for example a high thermal conductivity, or . 
can be easily manufactured- However, it is also possible to 
manufacture the pump body 1 and the sleeve 28 from one piece of 
material. Likewise, it is possible to manufacture the pump body 1 and 
the bearing blocks 9 from one piece of material. Another version 
consists in manufacturing the sleeves 28 and 35 from the same material 
and therefore as one piece. 

[0035] With the embodiment in accordance with Fig. 5, another drive 
mechanism can also be used for the back and forth movement of the 
pistons 2 and 3, for example the drive mechanism described in the 
Singapore patent application SG 0074739. The pistons 2 and 3 can also 
be driven directly, ie, the' bearing blocks 9 and the sleeve 35 can be 
omitted as long as the drive takes place in the direction of the axis 
defined by means of the drill hole 4. 



What is claimed is: 



